Abstract: Early childhood settings (ECS) offer a unique opportunity to intervene to improve children's nutrition. This paper reviews the literature on early childhood setting interventions that aim to improve children's dietary intake. Environmental and individual determinants of children's dietary intakes were also investigated. Prospective intervention studies targeting centres, staff, parents/caregivers or children, were reviewed. Methodological quality was assessed. Twenty six studies (14 weak, 12 moderate quality) were included. Interventions were delivered primarily via training workshops and/or written materials. Study findings favoured intervention effectiveness in 23 studies. Improvements were seen in children's intake for 8 out of 11 studies assessing dietary intake outcomes. Small increases in fruit and vegetable consumption were observed in five studies. Most studies measuring parental or centre food provision observed postintervention improvements across a number of food groups, including fruit, vegetables, whole grains and sweetened beverages. Significant improvements in child, parent and/or staff knowledge, attitudes or behaviours were observed consistently across studies. For those studies that included a comparison group, these improvements were observed only in the intervention group. ECS interventions can achieve changes in children's dietary intake and associated socioenvironmental-determinants, although the quality of current research limits confidence in study findings. Future intervention development needs to carefully consider the behavioural targets, modifiable determinants and utilise ageappropriate and effective behaviour change theory, in addition to inclusion of dietary intake outcomes.
INTRODUCTION
Early life diet is a modifiable exposure which influences children's health and development [1, 2] . The diet provided to children in the first years of life changes from milk as the sole source of nutrition, to the introduction of foods and beverages that expand in variety, texture and appearance [3, 4] . This is the most rapid change in diet over the life course and is the developmental period when dietary preferences and habits are established [5, 6] . This highlights the importance of providing young children with healthy food and eating opportunities across the range of settings where they spend their time, including their homes and other places of care [7] .
With increasing numbers of mothers of young children re-entering the workforce, children are spending a significant proportion of their time in early childhood settings (ECS) such as child care and preschool. In the US, approximately 80% of preschoolaged children with employed mothers are in some form of centre-based care [8] . In Australia, around 50% of 2-3 year olds spend 20-30 hours per week in formal care settings, with over 95% of 4-5 year olds attending an ECS [9] . Given their high utilisation ECS are a potentially useful avenue for interventions.
*Address correspondence to this author at the Sansom Institute for Health Research, University of South Australia, GPO Box 2471, Adelaide 5001, Australia; Tel: (+61 8) 8302 2440; E-mail: rebecca.golley@unisa.edu.au ECS commonly provide children with food while in care, potentially accounting for approximately 40-60% of their daily food intake [10] . Alternatively parents provide their child's food for the day [11] , often guided by ECS food and nutrition policies. Previous research has shown that children's food intake while in ECS is not consistent with dietary recommendations, particularly for foods such as vegetables, fruit, whole grains and meat [12] [13] [14] . More broadly, poor dietary habits are already common in young children, with high intakes of discretionary foods at the expense of foods such as fruit, vegetables and whole grains [15, 16] . Suboptimal dietary intakes in early life are known to track into child-and adult-hood [17] and impact on health and development [15] . ECS offer a unique opportunity to intervene early to improve children's nutrition and reduce the risk of short-and long-term consequences.
Despite the increasing understanding of ECS potential to improve children's nutrition, health and development (e.g. diet quality, calcium intake, weight status, cardiovascular risk factors, readiness to learn), recent reviews have focused narrowly on ECS as a setting for obesity prevention [18, 19] . A greater understanding of the how ECS interventions can most effectively improve children's dietary intake more broadly (i.e. beyond weight-related factors) is needed. Therefore this article reviews studies evaluating the effectiveness of ECS nutrition promotion interventions on children's (aged 0-5 years) dietary intake (primary outcome) whilst in care. As environmental and individual factors such as centre's nutrition policies and practices, the food and beverages offered to children in ECS, and food or nutrition knowledge and attitudes influence children's dietary intakes [20] , these outcomes were also investigated (secondary outcomes).
METHODS

Criteria for Considering Studies for Review
Inclusion Criteria
Types of Studies
Prospective studies with or without a control or comparison group, evaluating the effectiveness of an intervention of any duration, with outcomes measured at baseline and post intervention.
Types of Participants and Setting
Intervention participants were ECS providers/staff, children (aged 0-5 years) or parents of children attending child care or family day care, preschool or nursery school.
Types of Interventions
Interventions that included a nutrition component targeting staff (e.g. staff training), children (e.g. a nutrition curriculum) or parents/caregivers (e.g. through education sessions or provision of resources) that aimed to influence children's nutritional intake. Participant involvement was defined by being able to identify exposure to the intervention
Types of Outcomes Measures
The primary outcome was children's dietary intake. Secondary outcomes were determinants of children's intake such as parent or staff knowledge, attitudes or behaviours, food availability, or the centre environment (e.g. centres' nutrition practices or policy). Although no criteria were set for outcomes to be measured using a validated tool, this was considered in the study quality assessment tool used (discussed below).
Exclusion Criteria
Studies were excluded if they were not applicable to the general population (for example preterm infants, behavioural/learning difficulties, disabilities and chronic conditions), not applicable to a high income country setting, with no full text article accessible in English.
Search Method
A three-step search strategy was undertaken to find published studies in the English language released up to June 2013 (Figure 1) . In Stage 1 Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Medline via PubMed were searched. A list of search terms and keywords were informed by relevant reviews [7, 18] and the review aim. The final search strategy (available from the authors) used the following keywords, tailored to each database:
1)
Study participants: Child care/child day care/nursery school/preschool combined with staff/child/parent
2)
Study type: Randomized controlled trial/ controlled clinical trial/ intervention
3)
Study outcomes: diet/food/food intake/dietary intake.
Stage 2 involved identification of relevant articles, not captured in Stage 1, from a recent review [18] . In Stage 3, reference lists of all identified studies were searched for additional studies. No further searching of the grey literature was conducted.
Titles and abstracts of articles identified by the search were independently screened against the exclusion criteria by the first author (LB). Articles not meeting the eligibility criteria were excluded. Where it was unclear, the full text of the article was retrieved. All full-text articles included in the review were screened by the first author (LB) and any uncertainties were resolved by consensus with the second author (RG). Figure 1 summarises the review article selection.
Data Extraction and Synthesis
Data, including study characteristics, methodological quality and intervention content, from included studies was extracted by one author (LB) and verified by a second (RG). The methodological quality of studies was scored using the Effective Public Health Practice Project quality assessment tool [21] . In an assessment of 213 quality assessment tools, this tool was identified as useful for systematic reviews that evaluate randomized and non-randomized intervention studies [22] . Six quality components were scored (weak/moderate/strong): selection bias, study design and allocation bias, confounders, blinding, data collection methods (validity/reliability), withdrawals and dropouts. An overall quality rating was assigned;
'strong' where four of six key quality assessment criteria were rated as strong, with no weak ratings; 'moderate' if less than four criteria were rated strong and one criterion was rated weak; and 'weak' where two or more criteria were rated weak. Because of heterogeneity in study interventions, methodology and outcomes meta-analysis was not undertaken. Results are presented in narrative form. A study was classified as demonstrating 'intervention effectiveness' where there was at least one significant change (or improvement, when significance not tested or reported, n=3) in outcomes measured. To examine the effectiveness of trained peer models to encourage food acceptance Children: 10 min training by staff to be peer models of food acceptance in exchange for small toy reinforcements. Trained to say "These X taste good" when on cue. one study set in Family Day Care and another in nursery schools. The majority (n=19) of studies were conducted in the USA, with the remaining conducted in Australia (n=5), Germany (n=1) and the UK (n=1). Six studies were randomized controlled trials, eight were clinical controlled trials and twelve were pre-post cohort studies with no control or comparison group. In assessing the methodological quality of included studies, 14 were rated as weak and 12 as moderate quality. No studies were rated as strong methodological quality. Studies performed most poorly on the criteria relating to potential selection bias, management of confounders and validity of data collection methods. Intervention exposure ranged from 1 hour to 2-5 years. Eight interventions were <3 months in duration, six lasted ~6 months and eight were >6 months in duration ( Table 1) .
RESULTS
Study Description and Quality Assessment
The majority of studies (n=20) targeted staff (directors, cooks, educators, floor staff or health consultants) as part of the intervention ( Table 2) . Over half (n=15) of the studies targeted children directly as part of the intervention, and only 12 included a parental component. Less than half of studies (n=12) targeted more than one participant group (staff, parents, children) i.e. multi-target interventions [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Group training sessions (n=20), written materials (n=17) and nutrition curriculum for children (n=11) were the most utilised modes of intervention delivery ( Table 2) . Three studies used a website to deliver the intervention [36] [37] [38] , one used a video [39] and two trained children to be role models with their eating [39, 40] . Most (n=21) interventions focused on 'healthy' eating, either in general or specifically in relation to dietary guidelines, such as infant feeding (n=1) [36] , fruit and vegetables (n=7) [23, 24, 26, [31] [32] [33] 39] or whole grains or fibre intake (n=3) [31, 32, 41] . Nutrition policies (n=5) [33-35, 42, 43] , enhancing nutrition skills (n=5) [24, 29, 30, 43, 44] , food service modification (n=2) [43, 44] and role modelling (n=2) [39, 40] were other nutrition strategies utilised. All but five [24, 36, 40, 45, 46] studies used a combination of intervention delivery modes. Nine interventions, detailed in eleven studies [23-25, 27, 28, 30, 36-38, 40, 45] , reported being based on a behaviour change theory theoretical framework. The most common were social cognitive theory [25, 27, 28, 37, 38, 40, 45] , social-ecological framework [37, 38, 45] and social learning theory [24, 30, 36] .
Intervention Content by Participant Group
Staff Component
Nutrition training for directors, cooks, and/or floor staff included content such as children's nutritional requirements [23, 42, 43] , healthy foods [34, 35, 42, 43] , handling food safely [34, 35, 43] , nutrition policy [33] [34] [35] 43] , parent communication skills [34, 35] , food service/menu modification [43, 44] and nutrition curriculum [23, 25, 26, [29] [30] [31] [32] [33] 44] . One study trained staff in a wellness program, aiming to empower them to improve their own health [42] . Several studies reported on an intervention which involved training of health consultants on nutrition and physical activity for children and adults and providing consultation to child care centres [37, 38] , followed by intervention implementation in centres [37, 45, 46] . Similarly, the "Start Right-Eat Right" intervention employed Dieticians to train child care centre directors and cooks on children's nutrition, menus and policies, and provide consultation and support until practices and documents met award criteria [43] .
Parent Component
Of the twelve studies that engaged parents of children attending ECS, three aimed to improve food bought from home [31, 32, 35] whilst the remaining studies did so primarily as an effective means to modify children's behaviour. Parents were provided with written information on a variety of topics including children's healthy food choices, menu and recipe suggestions, food safety, special diets, healthy eating activities and food brought from home. Three studies engaged parents through delivering parent education workshops on child nutrition, positive food parenting or nutrition skills such as budgeting [24, 30, 33] .
Child Component
Studies targeting children as part of the intervention usually did so through a structured nutrition curriculum delivered by trained educators [27, 28] or staff [23] [24] [25] [26] [27] [28] [29] [30] 33] . Some focused on practical activities, including growing fruit and vegetables, cooking lessons, arts and crafts, games, and field trips to farmers markets and grocery stores [23, 24, 32, 33] . One study evaluated the effect of serving different shaped food on children's consumption [41] and two investigated the use of children as peer role models [39, 40] .
Intervention Outcomes
Study outcomes are summarised in Table 2 . Nearly all studies (n=23) demonstrated intervention effectiveness. Of the three studies where results did not support intervention effectiveness, all were rated moderate quality [25, 28, 41] . 
Primary Outcome: Children's Dietary Intake
Eight of 11 studies reporting the intervention impact on children's dietary intake showed an effect. Three interventions involving a nutrition curriculum for children, two with a parent component [24, 26] and one without [23] , showed significant increases in fruit and vegetables intakes [23, 24, 26] and meat, dairy and bread consumption [23] . A multi-target intervention did not significantly influence children's fruit or vegetable consumption [25] . An intervention comparing the provision of normal (round, square) versus shaped (heart, hands, animals) high-fibre snacks revealed no significant difference in consumption [41] . Two modelling reward interventions showed promising findings. Use of a video with animated characters led to increased consumption of fruit and vegetables [39] . Training children to role model and encourage fruit and vegetable intake increased short term acceptance under the influence of a girl, but not boy, peer model [40] . A meal and snack reimbursement scheme demonstrated improvements in milk, fruit and fruit juice intake and reductions in consumption of fast food, sweet snacks, and soda [47] . However, no changes in vegetable or salty snack intake were observed [47] . A multi-target Randomised Controlled Trial (RCT) did not influence Latino children's intake of total fat, saturated fat or dietary fibre [28] . The same intervention in predominately 'black' minority groups did not impact on children's total fat or fibre intakes at any time point, but saturated fat intake was significantly lower at one year follow up [27] . Decreases in saturated fat consumption were also observed following a preschool food service modification intervention [44] .
Secondary Outcomes
Centre Environment
Six studies [34, 35, 37, 43, 45, 46] reported significant changes to the centres nutrition environment. Staff attended workshops that involved a self-assessment of centre nutrition practices pre-and post-nutrition education in three studies [37, 45, 46] . Significant improvements were seen in the centre's nutrition best practices [46] and self-rated nutrition scores [37, 45] post-intervention. A study that trained staff resulted in increases in positive discussion around food with children and improvements in food safety practices [35] . Centre's food policies were evaluated in two studies following healthy eating policy education with large improvements post-intervention [34, 43] .
Centre Food Provision
Evaluation of centre-level food provision was undertaken in three studies that trained staff [34, 35, 42] . Significant improvements were observed in the nutritional quality of centres' menus, including the provision of high calcium and moderate iron-containing foods [35] , vegetarian meals [35] , fresh fruit and vegetables [42] , cereal-based foods [34] and water [34] , and decreases in the provision of high fat and/or high sugar foods [35] , sweetened beverages [34] and choking-risk foods [34] .
Parental Food Provision
Four studies evaluated parental food provision [31] [32] [33] 48] . The multi-target 'Lunch is in the bag' intervention involved provision of written education materials to parents and reported significant increases in serves of vegetables and whole grains they provided in children's lunchboxes but no significant difference for fruit at both 6-week [31] and 11-week [32] follow up's. The multi-target 'Tooty Fruity Vegie' intervention that included nutrition workshops for parents resulted in increases in fruit and vegetables, and decreases in unhealthy food and drinks, provided by parents [33] . Additionally one study that didn't include a parent component assessed parental food provision, reporting no change in fruit, vegetables, snacks, or extras provision but decreases in provision of sweetened drinks [48] .
Child Knowledge/Attitudes/Preferences
Two studies examined the provision of training and nutrition materials to staff and a nutrition curriculum to children on children's knowledge [23, 29] and food preferences [23] . Improvements in food and nutrition knowledge were observed overall, with greater improvements for intervention participants compared to controls [29] . Improvements in food identification and recognition, healthy snack identification, willingness to taste foods, and liking of fruit and vegetables were also found [23] .
Staff Knowledge/Attitudes/Behaviours
Nutrition knowledge, attitudes and/or beliefs of early childhood staff were assessed in five studies; four that educated via staff nutrition training [30, 34, 38, 42] and one via a nutrition website [36] . Staff [30, 36, 38] and carer knowledge [34] significantly improved postintervention as did staff attitudes [36, 42] and behaviours [30, 36] . Importantly, staff in the intervention group felt more at ease post-intervention in engaging parents in discussions about their child's eating [42] .
DISCUSSION
This review appraised intervention studies in early childhood settings (ECS) that aim to improve children's nutrition. Twenty-six studies met the review inclusion criteria. Many did not include a control or comparison group and were rated as methodologically weak using a validated quality assessment tool. Most studies demonstrated intervention effectiveness in at least one outcome measured. Eleven studies evaluated the effectiveness of the nutrition intervention by measuring children's dietary intake. Small increases in fruit and vegetable consumption were observed in five studies and decreases in 'discretionary' food or saturated fat intake were seen in three studies. Improvements were also observed in environmental factors that influence children's intake. These findings support the proposition that ECS have good potential as avenues for effective nutrition promotion. However, to date, the strongest evidence relates to the nutrition environment of children in care. Less robust evidence exists on the potential to influence children's dietary intake.
Findings from eleven studies that measured the primary outcome of children's dietary intake were mixed. Six studies (four weak, one moderate) showed a significant intervention effect on children's food or food group intake. Increases in children's short to moderate term fruit or vegetable intake (i.e. up to 6 months), of 0.1 [25] to 1.9 [23] serves, were observed. These results are consistent with those observed from nutrition education interventions [49] . One study, although rated weak, demonstrated increases in fruit and vegetable snack consumption which was sustained three months post-intervention [26] . Discretionary food consumption was measured in one study, with decreases observed [47] . Two studies demonstrated a significant intervention effect on children's nutrient intake. A two-year RCT was not effective in reducing Latino pre-schoolers' fat or fibre intakes, but did result in decreases in saturated fat intake in 'black' preschoolers [27] , whilst decreases in saturated fat consumption also resulted from a food service modification intervention [44] . Despite these studies rating poorly, the findings are promising and highlight that ECS nutrition promotion interventions can positively influence children's nutrition intake.
Nine studies evaluated individual or environmental influences on dietary intake as measures of intervention impact or proxy for children's consumption, such as centre or parental food provision, child, parent or staff knowledge, attitudes or behaviours, and measures of the ECS nutrition environment or policy. Of the seven studies that reported on parental or ECS food provision, nearly all (n=6) reported positive changes across a number of food groups. For example, small improvements in the vegetable (0.1 to 0.3 serves), but not fruit content of children's lunch boxes were observed in three controlled clinical trials (CCT). Improvements in whole grain and sweetened beverage provision by parents were also reported. Centres' menus improved across a range of food groups in two cohort studies and one CCT. Scores on a policy or environment checklist (either directly observed or selfreported) showed improvements ranging from 10-50%. Significant improvements in child, parent or staff knowledge, attitudes or behaviours were observed consistently across studies that included these measures. Improvements were evident only in the intervention group in the three studies that included a comparison group. Collectively, these results suggest that environmental interventions in ECS can achieve improvements in determinants of children's dietary intake.
Overall, this review highlights that limited evidence is available on the ability of ECS nutrition promotion interventions to influence children's dietary intake, in contrast to the stronger literature on their potential to influence the ECS nutrition environment. Larson and colleagues (2010) [18] recently reviewed the evidence on child care state regulations, policies and practices, and interventions for promoting healthy eating and physical activity in preschool children attending child care. Positive intervention effects were found for evaluations of child-care practices or policies, children's mealtime behaviours, dietary preferences or dietary quality, and obesity risk [18] . This review differed from the present review as included studies were those with implications for preventing obesity and studies beyond the United States context were not included [18] . Nonetheless, our findings align with those by Larson and colleagues [18] and support social-ecological theories of behaviour change which highlight the importance of both individual and environmental determinants of children's dietary behaviours [50] . Thus, our finding that ECS interventions can modify environmental and behavioural determinants of children's food intake signals that intervention development should continue as a priority to inform policy and practice.
Whilst there is considerable progress being made in increasing our understanding of the potential of ECS in improving children's dietary intake, this review demonstrates that much remains to be learned. Despite the intended outcome of ECS nutrition interventions being an improvement in children's food and/or nutrient intake, less than half (n=11/26) of studies in this review included measures of this primary outcome of interest. In addition, although most interventions promoted food intake in line with dietary guidelines, evaluation of the impact on food or food group intake beyond fruit and vegetables was limited (n=2). Similarly, evaluation of the impact on nutrient intake beyond fat and fibre was not conducted. Given children's high intake of milk [15, 51] , which can displace other food group intake, reducing variety and increasing risk of iron deficiency [52] , as well as children's high consumption of discretionary foods, saturated fat, added sugars and sodium in Western countries [15, 16, 53] , the intervention impact on these foods and nutrients needs further evaluation. The limited inclusion of dietary outcomes in studies (~40%) to date is likely to reflect both the difficulty in accurately measuring children's food intake and the newness of ECS as a setting for nutrition promotion, where the objective of studies may be to assess the ECS capacity for environmental, policy or menu change prior to assessment of dietary intake. This highlights that assessment beyond evaluation of the nutrition environment, to inclusion of children's nutritional intake, is required.
Future research requires the design of interventions with strong methodological quality. One third (n=9) of studies included in this review did not include a control or comparison group (n=6 rated weak) and of the 18 studies that did, half (n=9) were rated as methodologically weak using a validated quality assessment tool [21] . Where possible, the use of controlled trial or quasi-experimental designs needs to be prioritised to strengthen the evidence-base of this area. At a minimum, more attention to intervention fidelity, addressing selection and measurement bias, and management of potential confounding in data analysis is needed to provide greater confidence in study findings [21] . Further, while environmental and behavioural measures are important, until intervention outcomes in terms of children's dietary intake and health status are consistently and comprehensively evaluated, the utility of ECS interventions as effective public health nutrition approaches will remain unclear.
A final area for consideration is the area of refinement and innovation in intervention design. Some of the promising studies reviewed aimed to evaluate the effectiveness of innovative nutrition or behavioural strategies in isolation [39] [40] [41] . This type of research is needed to improve the effectiveness of comprehensive interventions and programs, which to date have inconsistent or small effects on measured outcomes. By selecting the behavioural targets, intervention components and strategies based on theoretical or empirical evidence, there is potential to improve intervention effectiveness [54] . Careful attention to the development and testing of intervention content could also lead to effective but less intense interventions better suited to delivery in public health settings.
A review strength is the inclusion of a broad range of study designs which allowed a critique of the range of ECS interventions which form the current literature base. However inclusion of studies which vary in methodological quality, intervention and follow up duration does make comparison between studies difficult and the conclusions that can be drawn need to be with caution. However the use of a validated Quality Assessment Tool [21] is a review strength and makes the quality of included studies transparent. Nonetheless, as evident in this review, this assessment tool can result in a similar quality grading for both prepost studies and RCT's. The absence of a second reviewer in screening review articles and the lack of consideration of the grey literature are also limitations as they increase potential bias. Lastly, as the majority of studies reviewed were conducted in the United States, adaptations would be required to ensure they are culturally appropriate and generalizable to the other countries.
CONCLUSION
In conclusion, this review identified that early childhood setting interventions can achieve changes in children's dietary intake and associated socioenvironmental determinants. Yet few ECS intervention studies have evaluated the impact on children's intake beyond fruit and vegetable, or saturated fat, consumption. With the body of evidence in this research field building, researchers should continue to move beyond nutrition environment measures only and prioritise inclusion of dietary outcomes, including a range of measures, as part of their evaluation of ECS nutrition interventions. Future research should also attend to the quality of studies so that we can be sure that intervention effects are not due to bias, chance or confounding and findings are generalizable. Future intervention development needs to carefully consider the behavioural targets, modifiable determinants and utilise age-appropriate and effective behaviour change theory. This review provides a benchmark for future intervention development and study design to answer the question of how children's nutrition can be positively influenced through early childhood settings.
